Lung as vital organ is exposed to many injurious agents that can cause inflammation and oxidative stress, which are potential causes in the pathogenesis of lung diseases. Nigella sativa, usually introduced as black seed, has been considered for treatment of various diseases and is one the most widely investigated herbs. Thymoquinone (TQ) is the major component of the volatile oil of black seed (54%) which has been indicated to anti-oxidant, antiinflammatory and anti-neoplastic properties. There is interesting to study on TQ effect as a therapeutic agent for various diseases in both in vivo and in vitro conditions. In this comprehensive review, we summarized the recent studies related to the effectiveness of TQ on lung disorders such as inflammatory lung diseases, lung fibrosis, asthma and lung cancer. It is concluded that TQ with anti-inflammatory, anti-oxidant, anti-asthmatic and anti-tumor activity can provide therapeutic effects against lung disorders. However, more investigation is needed to produce TQ as a pharmaceutical preparation for human studies.
INTRODUCTION
Nigella sativa (N. sativa) is an annual herb that grows in the Pakistan, India and countries surrounding the Mediterranean Sea (1) . The seed is named black cumin or black seed in English. Black seed has been applied for heart support, liver health, respiratory health, digestive issues and also to treat rheumatism, bronchitis, asthma and other inflammatory disorders (2) . Black seed consists of over 100 valuable ingredients. It is a rich source of proteins, essential fatty acids, carbohydrates, minerals and vitamins (3) . The active components of black seed are Thymoquinone (TQ), dithymoquinone, thymol, thymohydroquinone, nigellone, and fixed oils. TQ and nigellone are two of the most volatile oils which are found in black seed (4, 5) . Oxidative stress has an important role in the pathogenesis and progression of pulmonary disorders. Pulmonary diseases such as Chronic Obstructive Pulmonary Disease (COPD), asthma, lung fibrosis and lung cancer, are known as causes of morbidity and death all over the world and could occur following abnormal inflammatory process (6, 7) . It has been found that TQ has beneficial protective effects against various diseases through anti-inflammatory, anti-oxidant and antiapoptotic activities. The present review provides the recent 
Effect of TQ on lung inflammation and injury
Recently, the incidence of lung disorders is considered as important causes of morbidity and mortality all around the world. Most of the lung diseases such as COPD and asthma are described as inflammatory disorders (8) . Lung inflammation can occur following challenge to pathogens, toxins, stimuli, allergens and pollutants. There are two types of inflammation including acute (acute pneumonia) and chronic (COPD and asthma). The induction of inflammatory responses in the lung contributes to severe lung disease and causes a serious threat to human health. (9) (10) (11) (12) . TQ, the main active component of the volatile oil of N. sativa seeds, has been shown to have anti-inflammatory effects (13, 14) .
In this regard, Isik et al. studied the effect of TQ (6 mg/kg, intraperitoneally-i.p) on Acute Lung Injury (ALI) and Acute Respiratory Distress Syndrome (ARDS) induced by human gastric juice in 40 rats. Blood gas analysis and compliance measurement were done. At the end of the third hour, rats were sacrificed and their lungs were excised for histopathological examination. The results indicated that static compliance value was higher in groups treated with TQ alone or in combination with methylprednisolone (10 mg/kg, i.p). Also, histopathological study showed that both of them had protective effects on lung against the harmful effects of gastric juice (15) .
Another study investigated the protective effects of TQ (3 mg/kg, i.p, for the 5 days) against Ovalbumin (OVA) which induced airway inflammation in 48 male and female mice. 
Effects of TQ on mucociliary clearance
Airway Surface Liquid (ASL) and cilia, two main parts of the mucociliary system, eliminate particles from the respiratory system. Therefore, mucociliary clearance 
Effects of TQ on asthma
Asthma is a common chronic respiratory diseases In sensitivity induced by OVA, it reduced the reaction of the tracheal spirals to histamine and Ach, inhibited reaction to the endotoxin LPS such as LP, GSH, IL-1β, and TNF-α levels and the inflammatory cells infiltration in both lung tissue homogenates and BALF, prevented release of histamine from RPMCs.
43
Mice It reduced histopathological alternations of OVA-induced chronic asthma.
44
In vitro (well differentiated human sinonasal epithelial cells) It elevated human CBF. 
53
Mice Ameliorated PQ induced histopathological alternations, reduced lipid peroxidation and HP content, reversed α-SMA, TGF-β1, collagen 1a1 and collagen 4a1 genes expression.
54
In vitro (NSCLC, SCLC), Mice Prevented cell proliferation, decreased cell viability and caused to apoptosis, prevented cell proliferation and changed the extracellular condition preventing invasion and decreasing the ENA-78 and Gro-alpha cytokine production, decreased tumor weight and size without further poisoning for mice, NF-kappa B expression was down regulated by TQ.
63
In vitro (lung cancer cells) Decreased Bcl2 and increased Bax expression, increased the Bax/Bcl2 ratio, reduced cyclin D expression and elevated p21 expression, increased expression of TRAIL receptor 1 and 2 and decreased IKK1 and NF-kappa B expression. 
